Hair follicle heterogeneity may be regulated by distinct dermal papillae (DP) that represent mesenchymal lineages, which can be defined by Sox2 expression. However, it was recently shown that GFP expression in the Sox2: GFP+/− mouse model occurs in the DPs of all hair follicle types, challenging the idea that hair follicle heterogeneity can be defined by DP heterogeneity. Here, we investigated whether the knock-in mouse model faithfully expresses GFP when compared to endogenous Sox2 expression. The results reveal that GFP expression is aberrant in both the infundibulum of hair follicles and in the DPs.
| EXPERIMENTAL DESIGN
Heterozygous litters used for the analysis of Sox2: GFP+/− mice were maintained by breeding Sox2GFP-KI mice to Balb/C mice. Histological preparations of wild-type and transgenic skin were performed as previously described. [4] GFP (1:500 Invitrogen A11122 ThermoFisher, Waltham, MA USA), Sox2 (1:100 R&D Systems AF 2018 Minneapolis, Mn), Pdgfra (R&D Systems AF1062), ad Keratin-14 (In-house mousemonoclonal) antibodies were used to stain 60-μm sections of skin. [1] Quantitation of epidermal GFP and Sox2 expression was per- 
| RESULTS
The Sox2: GFP+/− mouse [6] has been suggested to faithfully recapitulate Sox2 expression reported by GFP in the skin. To provide context for the discrepancy between GFP expression and endogenous Sox2 expression, we generated a map of the Sox2 locus on chromosome 3 of the mouse and included the newly identified epigenetic regulatory elements that have been suggested to repress Sox2 expression in the epidermis ( Figure 1A ). [7] [8] [9] We also mapped the cloning strategy utilized to generate the recombination vector for GFP insertion into the Sox2 locus ( Figure 2B ). [6] Upon recombination with the cloning vector within embryonic stem (ES) cells, regions that have been identified to epigenetically silence Sox2 in the epidermis are ablated in Sox2:
GFP+/− mice ( Figure 1C ).
To investigate the extent of faithful transgene expression in the Sox2:
GFP+/− mice, we collected and immunostained back skin from postnatal day (P2) Sox2: GFP+/− [6] and wild-type litter mates as genetic controls.
Wild-type mice immunostained for GFP revealed background intensity levels normally observed in the epidermis of skin and were used to establish a baseline negative signal to compare against in Sox2: GFP+/− littermates.
Analysis of GFP expression in the epidermis of P2 Sox2: GFP+/− back skin revealed that Sox2 and GFP were expressed in the Merkel cells of guard hair follicles, as previously published (Figure 2A , C). [2, 7] However, we detected aberrant GFP expression in the infundibulum of keratinocytes (Figures 2E and S1A,B) in neonatal hair follicles that lacked endogenous Sox2 expression ( Figure 2C , E, G white arrow) (n=5 biological replicates).
| 1147 LETTERS TO THE EDITOR
We were intrigued that GFP expression in the epidermis of Sox2: GFP+/− mice resembles precocious Sox2 expression in the epidermis when the epigenetic repressors Ezh1 and Ezh2 are ablated. [7] To investigate GFP expression in the dermis of Sox2: GFP+/− skin, we quantified and compared endogenous Sox2 expression to transgenic GFP expression in DPs (Figure 2A , C, F). We found that endogenous Sox2 overlapped with GFP expression in 51% of GFP+ DPs ( Figure 2A , C, F, H). However, GFP expression was aberrantly expressed in the DP of 49% of GFP+ hair follicles including zigzag follicles similarly to previously published results ( Figure 2H ). [5] Interestingly, we also found that 27% of hair follicles did not express GFP when compared to wild-type controls indicating contrasting interpretations of positive GFP expression in DP ( Figure 2C yellow arrow). Our data also suggest the possible existence of Sox2+ zigzag HF, which may mark zigzag HFs that phenotype switch to awl/auchene HFs after the first hair cycle (Data S1). We conclude that GFP from the Sox2:
GFP+/− mouse model is aberrantly expressed outside of detectable endogenous Sox2 levels in the epidermis and dermis.
| CONCLUSIONS
Our results agree with those reported by Chi et al. 2015 where zigzag follicles in the Sox2: GFP+/− mouse model express GFP. However,
here we provide a context as to why GFP expression can be detected in zigzag follicles while endogenous Sox2 is undetectable. The Sox2+/ GFP+ population (31% of the total HF population) may include the early born zigzag follicles that switch after the first hair follicle cycle, but further work is required for definitive results (Fig. S3) . [5] We also reveal aberrant expression of the GFP-reporter in the dermis and epidermis with the Sox2: GFP+/− model. To explain why GFP expression is aberrant in the Sox2: GFP+/− model requires the analysis of the molecular cloning strategy utilized to generate the Sox2: GFP+/− mouse line ( Figure 1A ,C). [6] The cloning strategy retains all known 5′ upstream elements of the Sox2 locus but effectively ablates Ezh1/2 and H3K27me3 sites that have only recently been shown to bind, modify and silence the chromatin within the Sox2 coding sequence in the epidermis ( Figure 1A ,C). [6] [7] [8] [9] As Sox2 may be epigenetically regulated by Polycomb factors in mesenchymal lineages as well (Fig. S2) , [10] this may be a possible explanation as to why GFP expression is aberrant in the epidermis as well as in the dermis. It is now important to compare the expression of endogenous Sox2 with other transgenic models that have utilized similar cloning strategies to create Sox2-transgenic model systems.
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FIGURE S1
Single channel and merged confocal images of mouse skin.
FIGURE S2 Microarray analysis of Sox group transcription factors in
Ezh2flox/flox brown pre-adipocytes.
FIGURE S3 High resolution single channel images of different Sox2
and GFP DP subtypes.
DATA S1
The existence and fate of Sox2+ zigzag HF.
